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(54) Impedance laedback monitor for electroeurgical 



Irtatrument 



(57) An impedance iTwutor^^ 
rnomlorlng the eiactncaJ i mp e da nce of tissue as it n 
treated w*h alactroaurgical energy. Baaed on a predicted 
modal of tissue impedance and a number of rural inv 
pedance readings, the impedance at which tissue treat- 
ment is completed is predicted More particutarty. a min- 
imum mpedance level is measured and a funcuonoflhe 
minimum impedance is used todotermm imped a nce at 



which coagulation is completed. A control device is pro- 
vidad tor bringing the output of the gonecator wrthr. an 
opt«hio rn ran ge baaed on a system load curve. In one 
enaxxament the impedance monitoring device is used 
in exjunction wsh a bipotar eiactmsurgieaf instrument. 
Preferably, the irtstrurnent comprises electrically oppo- 
site efactrodes located on one or more tissue engaging 
surfaces for engaging tissue to be treated. 
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Ooscriptton 

Held of the tnvfttion 

This invention relates to electrosu/gjcaJ tissue treat- 
ment, and m particular, to a memod and apparatus lor 
controlling the electrosurgical traatmant of tissue by 
rneasunng mpedanea of the tissue boing treated by an 
©tectfosurgicai devea 

Background of the Invention 

Etactroauroica) generators are used to deliver ther- 
apeutic eiectrk^ eriergy to surgical instrunantt These 
instruments are used for example, tor cuttmg. coaguta- 
l«on. tissue welding, ablation, and dissection. Both mo- 
nopotar and bipolar generators typically supply elsctro- 
surgcal energy in the radio frequency (RF) range to such 
instruments. Usually such generators include controls 
that regulate the voltage enoYor current so that a select 
power level is approximately delivered and a maxmum 
power level is not exceeded 

W hen such RF generators are used, the pnrnary 
control is the experience of the surgem who responds 
to what is observed to be happening to the tissue as «t * 
treated with the RF energy. Otten. particularly for endo- 
scopic procedures, surgeons cannot read*/ see what is 
happening to the tissue; Abo, the change in tissue prop- 
erties due to the RF energy may occur so qutWy so as 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the msmmtent As a result, 
some problems which mayo 

sticking of tissue to the electrodes of the surgical tnstru- 
ment and over or under treatment of tissue. 

II has been recognized that the tissue impeoance 
Changes ^ energy is applied to the tissue. Attempts 
have been made to control the power delivered to the 
tissue as the tissue impeiJ a nce changes. For example, 
current has been oontrotted based on the change * the 
voffage or Vie power delivered by the generator to tissue 
The differential quotient of tissue impedance as ^pow- 
er is applied to the tissue has been used to cfetemune 
an initial power level and to switch off RF power when 
the cttferenttal quotient of impedance reaches a preset 
value. 

Nc*wflhstar*3ing these control arrangements, there 
m a continuing need tor improvement vtthe control of 
electrosurgicaJ energy deliverance to the tissue andfor 
extermination of when tissue treatment has reached an 
optimal level. 

In pamcutar there is a need to provide a device and 
method for Determining the and pov* ot coagutatm tor 
a variety or a range of tissue impedance, due to. e.g.. 
varying tissue composition, tissue types and treated tis- 
sue areas anoVor volumes. 

The present invention relates to a devce and mem 
od of the type described *> EP-A-O 640 317. 



Summary of the Invention 

The present mention provides an impedance mon- 
itoring device andtor method which rnortik^ fte imped- 

s anceof tissue between poles of a thetape^^ 

gcal instrument Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
olectrosurgjcal energy the monitored tissue impedance 
* used to determine tissue status. This wtf beoe&cnbed 

" in more dotaft below. A signal Irxtott*^ status ot tissue 
is p rovided ether to a user or to an rxarumentcorrtrolef 
Tha device may aUo include a switch which automatic 

Ca< y_! Um * **■ *** • l * ctrical «*<W when treatment is 
completed. 

In accordance with the pr^mnA invention, a tissue 
xnpedance monitor is provided which contnuously 
measures tiuut impedance as electncaJ energy is de- 
livered to tissue. Accorcfeg to known tissue rrpedanca 
models, tissue rnpeoance ««Bllydfixx as electro 
90 applied and then bec^ to rise aga« 

Monj occurs. The present invention provides tor esiab- 
lishng a value tor the minimum impedance, te.. when 
me impedance is at Its lowest value as the energy i,ap- 
plied. The* the ftipeoarK* value articled to provide 
*e desired tissue effect is cfeem^ 
selected function of the eetablished rmnbnum imped- 
ance. When the measured impeoance rises to the level 
of the impedance value for the desired resuk. e.g.. co- 
agulation, tissue welding or a level of diathermy, the in- 
strumant wS inolcate or provide a response for such 
event. The present invention is preferably adapted so 
that the condition is detected for a range of expected tis- 
sue impedances which varies according to tissue type, 
area endtor volume. 
J* In a preferred emboo%nent the desired ttssue cone*, 
tion is where coagulation is completed. When this point 
has been reacheda f eedbac k a l g i tal is provided toacon- 
trof unft or to the user, at which time me energy supply 
is switched off. The feedback signal may. for example. 
*o provide a visual. auoWewtact^ 

may provide instructions to a control urwt to automat icafy 
rum off energy supplied to the tissue. 

Optionally, fee device may also include a switch, 
adapted to rum off electrical energy when a short circuit 
+3 condition a delected, when an open circuit condition is 
detected or when the device is on. i.e.. supplying current 
or votage tor a preset maoumum amount of time. 

in accordance wfh one aspect of the preterit inven- 
tion, an electiosurgical appaxttus for coagulating tias^ 
coring a surgical procedure co mpri s es en end effector 
with opposing tntertacing surfaces which may be ctoeed 
towards each other to engage tissue to be electrosurgj- 
cafy treated Preferabey the end effector includes first 
and second el em e nts movable relative to one another 
tor engaging tissue to be coagulated therebetween At 
least one of the electncaJ poles of the nslrumentte com- 
prised of an e l ec tr o d e esaoce rt ed wit h at least one of the 

ffamt mntS mmcon* < U m n n , The ■IxXwJi im 
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with the listue to be coagulated. A power controller re- 
sponsive to a power control signal provide* RF energy 
to the tissue contact^ electrodes) of the first and/or 
second elements. 

Irnpectence measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
second polos. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feeooack circuitry in- 
cludes a first device tor determning a minimum tmped- 
ance value end riolo%*gsarfrninirmim impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value as a func- 
tion of me held minimum impedance value. 

The threshold determining circuit may comprise an 
analog devee for determining the function of minimum 
' impedance or a digital circuit including tor example, a 
look up table for determining the threshold impedance 
value based on an input minimum impedance vakie. 

Alter a threshold value has been determined, a first 
comparator compares the measured impedance value 
to threshold impedance value and generates a power 
control signal to the power controller to control the RF 
energy deByered to the tissue, .upon the condition of the 
measured shpedance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical 
switch tor selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the first and 
second elements 

The power controser may selectively switch oft the 
power supplied to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold irnpedance value, when an open circuit condi- 
tion or a short circuit condition exists, or il voltage end 
current is supplied for a period of time exceeding a max- 
imum 

Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range determried by a system 
load curve. The control device uses measured load im- 
pedance to determine the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the resuttmg comparison and controls the 
generator output accordingly. 

Although the instrument may be a rnonopotar device 
or a multipolar device ncluding two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 



In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of the opposng surfaces. Each of the first and sec- 
ond electncatty opposite ^pcJesccmprises at teast one tis- 
sue contacting electrode. Trw •tocfroOoc era arranoad 



on the distal end of the etectrosurgicel device so thai 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 

s tng circuit monitors the impedance of the tissue between 
the electrodes during the delivery of RF energy through 
that tissue. As described above a minimum irnpedance 
is measured from which threshold impedance is calcu- 
lated. A comparator compares the measured Impedance 

ro values to the determined threshold impedance value and 
generates a control signal to switch oft the RF power de- 
livered to the tissue, upon the condition of measured im- 
pedance value exceeding the threshold impe da nce val- 
ue. 

1 5 In one preferred embodiment each of the electrodes 
cc*respor*firig to the first pole are offset wxh respect to 
the irtuHfaohg surface from each of the electrodes cor- 
re«Wi<^ to tto second polo, mother wo elec- 
trodes are offset from each other so that they are not 
20 diametricaty opposed tram each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface: 

m the preferred embodiment the electrosurgcai in- 
strument compresses tissue in a compression zone ba- 
rs tween the first interfacing surface end the second inter- 
facing surface and applies electrical energy mrough the 
compression zone. More preferably, the compression 
zone is an area defined by a compression ridge on one 
of me wtertacing surfaces * 
so against the other interfacing surface: Alternatively or in 
acHrton. there may be a compression no^ c» both in- 
terfacing surfaces. 

One embodiment includes a cutting elernenl asso- 
ciated with an end effector. The cutting element is er- 
& ranged to cut tissue at or near ccagjMation site. Pref - 
erabiy, the coagulation is completed prior to any me- 
chanical or other cutting at or around the coagulation 
site- Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through the coagulated tis- 
4o sue or between two zones of tissue coagulation. 

In another entbo dim orii me hemostatic device is in- 
corporated into a linear cutter similar to a linear cutting 
mechanical stapler. In this embodiment the hemostatic 
device comprises two subetantiaJry parallel and elong^ 
4S ad electrode bars which are a ss o ci a t ed with one pole, 
and a slot lor cutting means to travel between the bars. 
Opttonasy one or more rows of staples may provide on 
each side of the slot and bars to provide adtfuonat he- 
mostasia. 

so In operation, tissue is clamped between iwo )awso< 
tne insuvment, and electrical energy in me form of radto 
frequency CR* 7 ') energy is supplied to me cc ^res sed 
tissue to coagulate or cauterize blood vesseb etongime 
two substantially pareSel bars. Based on the irnpedanca 
55 modeling or tne dove* with m» specsV electrode con- 
figuration, an appropriate function ot the rriiriirmxnim- 
padance is tncorporated into the irnpeo^nce teeofenrk 
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level. A warning mechanism is used to warn the user 
when the impedance is out of range or exceeds the 
threshold impedance tsvet. Also the warning signal may 
be directed to a control circuit or power controller adapt* 
ed to then provide an a p p r opr ia te rat rumen! response, 
including where appropriate K> turn off the RF energy de- 
IKrered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for electrosur- 
gicatty treating tissue during surgical procedure is pro- 
vided. Accordingly, a preferred method comprises the 
steps of applying RF energy to tissue to be etectrosur- 
gicafly treated by means of an electrosurgical instru- 
ment; measuring the impedance of the tissue between 
electrodes corresponding to two poles of the electrosur- 
gical instrument: generating the impe da n ce stgnal rep- 
resent* ve of the impedance of the tissue; and control- 
ling the RF energy applied to the etectrosurgica* instru- 
ment in response to the impedence signal 

The step of controlling the RF energy appbad to the 
electrosurgical instrument may comprise the steps of: 
determining and holding minimum snpeoance value: de- 
t ermtnmg a threshold imnedance value based on a tunc- 
tion of the mmirnum impedance vaJua; comparing meas- 
ured impedance values to the threshold impedance val- 
ue; arid generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured impedance value exceeding the ftreshold im- 
pedance value. 

In accordance with yet another aspect of the present 
invention, a method of operating an electrosurgical ap- 
paratus lor coagulating tissue coring surgical procedure 
comprises the steps of: providing an electrosurgical in- 
strument having en end effector comprising the first and 
eeoond tissue enga^inget^ 

and second tissue engaging surfaces including thereon 
a tissue contacting e l e cl i c ids. M is nci a t ed wflh a first pole 
of an electrosurgx^ system 

and second tissue engaging sudacesccrUainirig thereon 
a second tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coag- 
ulated between the first and second tissue engeg^g sur- 
faces; selectively controlling RF energy auppied to the 
first and second tissue contacting electrodes for coagu- 
lating tissue positioned therebetween: measuring the im- 
pedance of the treated tissue: determining and holding 
a minimum impedance value: determ i ning a threshold 
impedance value based on a function of the nwmum 
impedance value: cornpanng measured impedance vat- 
ues to the threshold impedance value; and controlling or 
switching off the &F energy connected to vie first end 
second electrodes upon the condition of ihe measured 
impedance value exceeolng the threshold impedance 
value. 

Other objects and advantages of the invention wtf 
apparent from the foioiMng description, the accompany- 
ing drawings end the foeowing eta irts 
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Brief Description of the Orawinos 

Fig. 1 is a side view of a b*x>tar endoscopic electro- 
surgical instrument operable in accordance with the 
s present invention: 

Fig. 2 is a partial cross-sectional view of the distal 
end of the rotrurnenj of Fig. 1 in an open position: 

'0 Fig. 3 is a partial cross-sectional view of the distal 
end of the instrument in Fig. 1 in a closed, unftred 

position; 

Fig. 4 is a partial cross sectional view of the cSstal 
is end of the instrument in a ctaeci fired poeiuon; 

. Fig. 5 is a trom cross sectional view of thechstal end 
of the instrument of Fig. t along the tine 5-5; 

20 Figs. 6-9 represent a sc he ma tic block diagram of a 
microprocessor controfled irnpedance monitoring 
apparatus for ccrtrosing the RF erterciy delivered by 
elect rosurgcal s^strument of Figure 1 ; ' 

2S Fig. 10 is a schematic block oegram xrf an analog 
ernbedirnent of the corrtroier for use In the appara- 
tus of Figure 1; ' Vv;: 

Fig. 11 Is a logic diagram of the center ofVig. 10 
so itustrating control logic tor RF output control; and 

Fig. 12 is a cfiaracteristic curve illustrating the 
change in irnpe da nce over time during application 
of ele ctr osurgical energy to tissue using the electro- 
3S surgical instrument frustrated In Figure 1. 

Detailed Oeecrfotton of the invention 

Vm«e the present invention is generally annscable 

*o to a variety of eler n us ui yii al instruments both monopo- 
lar and multipolar, and both conventional and endoscop- 
ic, tt wM be descrfeed twain wim 
linear cutting ^instrument. 

The primary purpose of the irnpedance monitoring 

45 device is to determine when the tissue has been treated 
toadesireddegres. PreferaoV this treatment is complet- 
ed when the tissue has been cauterized and before ex- 
cessive tissue sticking, burning or charring occurs. The 
impedance of tissue as it is being heated with etectro- 

fo surgical energy genecatty follows a characterise tissue 
irnpedance curve. Accordvtg to Ihe impe dan ce curve, 
generaay the impedance wiO decrease, arrive at a mint- 
mum value, and then rise as coagulation andtissue des- 
iccation occurs. At an impe da n ce ) or we/wn a range of 

55 vnpedances on a characteristic curve, coagulation win 
predi cta bly occur 

Figure 12 is a characteristic ir npe dance curve illua- 

tratino th« crum o* in tissue wi^iiImii ■ ov«r tlm*. dutirto 
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the application of electros urgtcaf energy using the elec- 
tr09urgical instrument illustrated in Figs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. 46. 
This impedance is based on the value ot the lowest im- 
pedance on the curve. 45. i.e. when the impedance 
has stopped tailing and begins to nse. A function ot the 
minimum impedance ((Z^) b used to approximately 
predict a point at which coagulation occurs. 46 

Referring now to Fig. 10 there a illustrated a sche- 
matic block diagram of an analog embodiment of the im- 
pedance monitoring device of the present invention. The 
impedance monitoring device determines when coagu- 
lation * complete as wet as other instrument parame- 
ters, for example, if there it an open circuit, short circuit 
or if voltage and current is supplied to the tissue for more 
than a predetermried maximum amount of time. Such 
c ond i tions may indicate a problem with the instrument 
anoVor tissue engaged by the instrument. For example, 
if excessive, not enough, or ^appropriate tissue is en- 
gaged by the instrument. 

the instrument 10 is positioned to engage tissue to 
be treated. Then, when appropriately positioned. RF en- 
ergy is supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the instrument 10. Pref- 
erably. 30 to 200 votls RMS at a fundamental frequency, 
preferably of a sinusoidal waveform at. a frequency of 
about 300 Khz to 3 Mhz is supplied with a current of about 
0. 1 to 4 0 amps. The generator. 70 is turned on by a use/ 
operated switch 42.. The user, operated switch 42 pro- 
vides a signal to the controftar 79 to turn on the energy. 
The output 129 of the controller is coupled to an analog 
switch 1 30. When output 1 29 provides an •RF on* signal 
to the switch. 1 30, an oscitator 72. coupled to an analog 
multiplier 75 through the switch 130. supplies a voftage 
of a known frequency to the analog mutipMr 75. The 
output of the analog multiplier 75 >6 coupled to a driver 
76 which is coupled to the input of an RF am pi tier 71 . 
An amplified RF signal is supplied by the generator 70 
to a circuit 80 which includes the i first electrode 39 and 
second electrode (anvil 1 8) of fhe instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current! and voltage delivered to the tissue is 
measured and an RMS current ( "Irms") and an RMS volt- 
age <*Vrms") * determined. 

A voltage and currant sensor 81 senses the current 
and voftage delivered to the tissue. The voltage and cur- 
rent sensor 81 includes a low impedance current trans- 
former 82 in series with the generator 70: and a high' 
impeoance voltage transformer 63 connected in parallel 
across the generator 70. Preferably the current trans- 
former 82 has. for example, a 1 :20 winding ratio and a 
50 ohm resistor in parallel with the secondary of the 
transformer Preferably the voftage transformer 83 has. 
tor example, a 20:1 winding ratio and a IK ohm resistor 
in parallel with the secondary of the translormer 

Tne output of the current transformer 82 is couoted 



to an RMS converter 84. Tne RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of 1*1*3. The output of the voltage trans- 
former 83 b coupled to an RMS converter 85. The RMS 

5 convener 85 converts the voltage signal into an DC sig- 
nal and provxJe output 87, representative of V ftM3 . 

The measured impedance. Z. rs then calculated 
from the measured t* us and V^. The outputs 87. B5 
of V nMS and I rms are supplied to an analog divider 88 

to which divides the by the current l MS to provide 
an output signal 89 representative ot the measured im- 
pedance, Z. 

From the 1*43. and measured impedance, Z. 
the impedance moratoring device determines whether a 

if *hc<t circus or open circtrttcond^ whether volt- 

age and current has been delivered for an amount of time 
exceeding a predeterm*>ed rnaximum. and whether co- 
agulation ts complete. 

A short circuit condition is determined by comparing 

20 the measured impedance. Z. to. a predetermined short 
circuit vnpedancs threshold at or below which short cir- 
cuit is likely to exist <*Z SC "). W the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

2s The impedance signal 89 Is input to a snort cireutf 
detector 90 comprised of a comparator: The positive in- 
put 92 of the cornpamtor is connected to a potentiometer 
93 which sets the threshold impedance. Z^c- When the 
impedance signal 89 causes the input at the negative 

30 input 94 c< the comparator 91 to be tower than that at the 
positive input 92. an "on" condition occurs at the output 
.95 of the comparator 91. This condition is convnumcaled 
to a logic controter 79 which provides a preprogrammed 
instrurnent response, which, in this embodiment, in- 

js eludes turning off RF energy. 

An open excuft co nd ition exists if there is a voltage 
between me electrodes 18. 39. and no current An open 
circuit is determined as toHows: If the V RMS is above a 
predetermined rninimum threshold indicating a voltage. 

40 V^r—h. and the is below a predetermined minimum 
current threshold indicating a current Itu^n. then an 
open circuit signal is provided to a controller. 

A current threshold detector 106 includes a potenth 
ometer 107 coupled to the negative input 108. The po- 

45 tentiometer 1 07 sets the 1*,^*, level so that when a cur- 
rent is present, the current detector 106 Wilt indicate as 
such. The Xnya signal 66 is connected to the positive in- 
put 109 of the comparator 106. Thus, when the I*ms is 
greater than the value. 1^' set by the potentiometer 

so 107. a posftive voltage appears at the output 110 of the 
current threshold detector 106. 

Simttany a voltage threshold detector 113 inchides 
a potentiometer 1 1 4 connected to the negative input 1 1 5. 
The potentiometer 114 sets Vie voltage threshold at 

55 which the threarwUdoiecioM^ 

put. v sv«s* when a mWrnum voltage is present. The 
Vpuis signal is input to the positive input 116 of Ihe 

threshold dotactor 113 Thw«. If m» X/^^ m n am H m 
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v ft«h set by the potentiometer 114, a positive voltage 
wHi appear at the output 1 1 7 of the vottags threshold de- 
tector 113. 

The output 1 1 7 ol the voftage threshold detector 1 1 3 
is also coupled to an AND gate 111 andthe output 110 s 
ot me current threshold detector 106 is coupled to an en- 
verted input 112 ol the AND gate ill. The AND gate ill 
acts as an open circuit del ector. When the exceeds 
***** and where the does not exceed \^^ f 
a togtc 1 wM appear at the output 120 of the AND gate >o 
111 indicating an open circuit. The output 120 of the AND 
9dte ill is coupled to the controller 79 to cOTnxjnicat© 
tne open ctfcuil statue. 

If current or voltage * suppled an extended period 
of time and a coagulation complete condition has not « 
been detected, it may indicate, for example, that the in 
fitrument ts not c tamped on tissue or that a malfunction 
has occurred. If the a above the predetermined 

v tt^^ or the 1^ » above l mr% ^. then a timer is turned 
on. If the timer is on for a period of time greater than a 
predetermined maximiim amount of tine. T^ then a 
tme over signal » preyed to the controller . If the dura- 
lion ot me ttner on is not greater than then the de- 
vice continues to supply RF current to the ttssue and con- 
tinues to measure current, voftage and impedance, etc 
as described above. 

The output 1 lOof the current threshold detector 106 
is coupted to an OR gate 1 18 which is coupled to a timer 
1 21 If the t^ exceeds the 1*,^, the output 110 of the 
current threshold detector 106 wiH present a logic 1 to *> 
the OR gate 11 B which win then turn on the timer 1 21 

Srmrtarry the output 11 7 of the voltage threshold de- 
tector 1 1 3 is coupled to the OR gate 1 1 8. If the V*^ is 
«*e*aoad by V*^, tne OR gate 118 wilt present a logic 
1 at its output n 9 and turn on the timer 121. The output ss 
1 23 of the timer 1 21 is coupled to the controller 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threthoxj time. T^. the output 
123 w* be a logic 1. The timer is reset wim the user ac- 
tivated switch 42 which is coupled to the timer reset input *o 
1 22, when the instrument to is reset 

A coagulation complete condition is determined as 
fosows: First. 2^ is determined. Then, a target enped- 
ance at which coagulation ts complete. Z^^ a calcu- 
lated as a function of the mxwnum impedance The initial 
rmp * danc ^ ***** *tope of the impedance curve, 
and time to complete may vary for a given application 
and/or instrument, but tend to correlate to a function of 
minjrT*imirTx>ectence.O 

and/or the, actual desired result the actual function of so 
mwnum vnpedance may vary. In this particular embod- 
iment f(2 mM )is Snear; 1(2^^ = 0 2Z * 500 This function 
abound. ..e. where 2^ * > 560 chrns. tNm 7 , « 
2 *** * 50 onm »- MZ^) may be a dtfferent function. It 
maybe contnuous. non^ontnuoos. fcnear. non~*t*ar. a 
piecewise approoomation and/or n the form of a look-up 
,atote ^ay also be bound at different values 

The impedance signal 89 is used to determine tissue 



coagulation as fotows: First, a determination is made 
whether the measured 2 is a minimum impedance. 2^. 
The mpedance signal 69 is inverted and offset by a gain 
offset inverter 36. The output of the gain offset nverter 
96 is in turn is coupled to a peak detector 97. The output 
T02 of the gam offset inverter ts representative of an in- 
verted and offset measured Z i e.. (Z+k) Z^ will now 
be the highest offset value of (-2 ♦ k) encountered. 

The peak detector 87 thus detects and holds the 
highest value of the inverted and offset ffxraured imped- 
ance, Z which is Z,^ When 2^ has occurred, the out 
put 103 of the peak detector 97 » representative of ( -2^ 

RF energy is continued to be applied to the tissue 
and the montoring tor short chctiit exj>enc»cuitandt»ne 
over as wed as looking for a 2^, cwtbnues until a 2 is 
equal to Z^,. 

. WtmttoZ^ fro been c%temimed,fu^^ 
4^ (' is calculated to provide a gn peda m e , Z^, 

at which treatment (coagulation) b completed The 
output l03ofthepea*cleiectorO*«cow^ 
old determining circuit 98 which calculates the function 
<* Zff*» to ctotermirie the Z^,. The output 99 of the 
threshold deiermtning circus: to representative of % ankm 
when me measured impedance is equal to 2^. 

A continuous compansdri is made between 2 and f 
« should be noted here that is continuously 
calculated as f(Z) unt* a 2^ is effected: The compari- 
son w continuously made between 2 and f<2) unit Z^ 
is determined. This does not have a significant conee- 
quence. however, because H is anticapated that f(Z) wil 
be larger than Z during tissue treatment and a premature 
coagulation complete signal thet store w* rw< occur. 

tf rneasured 2 b less then or aqua! to the then 
RF energy is corrunued to be euppfled and steps de- 
scr ibed above are carried cart until a signal has been pro- 
videdtoteccntroae**^ 

shoircircuit signal, a time over signal, or a coagulate 
complete signal. If the measured 2 is greater than or Is 
•Qualto "Zta^rt'thena signal is ptovicM to the controller 
thai coagulation has been completed Ac^n r» noted 
that in this emtxsdernent 2 has been inverted and shitted 
inordertoac co mni u u ^ e2^deter^ 
detector 97. The rnpedance values referred to in this 
paragraph are the actual impedance values 

The output 99. of the threshold c^ernwwng 

circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 96 is coupled to the negative v*dut 104 of the 
comparator 100. The comparator 100 compares the -2 
♦ * representative value which is ir*ptrt to me negative 
nput I04c4thecornparator 100. to the Z iMfa9t represent- 
ative value which ts calculeted as a functSTof -2,,^ + k 
tf -2 : + k is less than or equal to the 2,^^. the comparator 
output 105 wiH be posiuVe. That is. if the measured 2 is 
greater than ffZ^), a coagulation complete signal wiu 
appear at the output 105 of the comparator 100. 
Asignalis piovioet<toacontroo^ 
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the existence of one or more of these conditions the RF 
energy is automatically turned oft by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 124, a coagu- 
lation complete input 125. an open circuit input 126 and 
a tvne out input 127, as well as a reset input 128. The 
controier 79 also includes a RF control output 1 29 which 
switches on anoYor off the RF generator delivery of etec- 
trosurgical energy to the tissue. As long as the output 
129 is a logic 1. the RF is on. The output 129 re a logic 
1 when coagulate complete 125. time out 127. short cir- 
cuit 124. the open crcu* 126 and the reset input 128. 
are all at a logic "0*. If any one or more of the Inputs 1 24 . 
1 25. 1 26. 1 27i 1 28 are at a tog* ■ i • the RF control output 
129 is a logic X>* and the RF is turned off. 

A preferred embodiment provides a control device 
which controls the generator energy output based on 
load impedance. The load vnpedance is used to deter- 
rrune a preferred energy, level, e.g.* voltage, current or 
power level, based on a specie system load curve for a 
generator, instrument anoVor application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs me generator output according to the difference bar 
tween the two, i e . preferably to minimize the difference ; 
between the two. 

The specific load curve preferably reflects the votl-:; 
age. current, power, for. a range oi.impedance.that wiH 
optimize performance of the instrument: The load curve 
may have various forms, for example, it may be contin- 
uous or may r>e stepped The load curve may vary from 
generator to generator, lor a particular instrument in use 
with the generator, or for a particular eJectrosurgical ap- 
plication of the generator. Tor example, in a one embod- 
iment using an instnjrnent T such as described herein, 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e.g.. appfoxwnataty 20 to 
100 ohms. In the tower ranges, more current ts required 
to provide enough power to initiate twsue coagulation. A 
second, mid-range erf. impedances, e.g., approximately 
1 00 to 500 ohms, requires enough p ow e r to maintain tie 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e g., approximately SOO ohms and above, requires the 
voltage be limited to prevent sparking and tissue sticking. 
Thus the system load curve tn this embodiment would 
reflect both the inherent characteristics of the generator 
and votage output at which optimum power is delivered 
for a particular vnpedance. as Watt as the specific power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Fig. 10, a generator with a servo loop 
control device, is illustrated. The impedance signal 89 
and the votage Vrms signal 87 are fed back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device caui>t tne gansrator 70 to produce volt- 



ages within a desired range based on a load impedance 
fit to a speohc load curve. 

The impedance 89 is fed to a function fitting device 
61 . The output 64 of the function fitting device 61 repre- 

s sente a desved voltage based on the input impedance 
89 This desired voltage function is the voltage required 
for the generator 70 to produce a particular, pre-deter- 
mmed load curve. Desired voltage output 64 along with 
actual voltage ts fed into an error amplrfier 62. The output 

to 65 of the error amplifier 62 represents an error voltage 
which is fed into an analog multiplier 75 through a diode 
77 

Alternatively, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is input into the function fitting do- 
vce which provides a desired current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 

20 parameter. 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of oscitator 72 such thai large 
. .error. vottages at- output 65 reeut. in targe outputs from 

25 RF amplifier 71 And smaJ error voltages of output 65 
result in smaller RF output from RF amplifier 71 . Thus. 
. generator 70 acts as a closed-loop servo system based 
on voltage such that a desired toad curve is obtained. 
The loop compensation device 63 acts to stabrlUe the 

jo servo loop, if an electrical parameter other than votage 
is used, the form fitting function preferably outputs a sig- 
nal reflecting the difference in the alternative energy pa- 
rameter. 

Referring now to Figures 6-9 a flow chart illustrates 

3S a rnethod for carrying out a micrcyrocessor co ntr oll ed 
e<ribodimenl of tie present invention. When the system 
is turned on (block 200). the variables including Z^. 
v*#*r^** l*wh. lime over, and Z^*, are Irufettzed (block 
201). The system continues to look for the activation of 

40 me RF switch (block 202). When the RF switch ts turned 
on. the interrupts are set for RF Switch (block 203), for 
Short Circuit (block 204). and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes to the instructions 

*s associated with block 234. 

After the interrupts are set. the timer ts started (block 
206). A sequence is run to check the RF amplifier health 
(block 207). e.g.. to look lor an Amplifier On signal or to 
check If certasi votage* are in a suitable range. If the 

so amplifier is operating properly. RF energy is turned on 
(blocks 208 and 209). 

M the amplifier ts not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (block 211). The system looks for 

*s a hardware laMure flag (block 233). When the hardware 
fature is detected, the controller provides a hardware 
failure alert indication and shuts off. (blocks 243 and 
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If hardware failure is not ndcaled (block 233), men 
and 1,^ is road (Mock 235) to determine if any volt- 
age or current is being supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy m block 209 is reached, there 
should be no current or votege If there is a voltage or 
current with the RF request off, then there is a hardware 
failure A hardware faMure alert is indicated and the pro- 
gram ts stopped ( blocks 243 and 244). 

If RF energy Is turned on (block 209). then the V^. 
and J M are read and the irnpedance. Z. is calculated by 
dividing the by the 1^. (block 212). The controller 
checks to see if the V 9nM and 1^ flags are set 
(block 213). These flags are set when a nwivnum thresh- 
old voltage is present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V mt fe and 1^^^ flags are set (213) the soft- 
• ware looks tor a Ume over condition to Determine if the 
device has been on for a penod of time in excess of a 
maxmum It a time over condition is recognized, me Urn- 
^ er flag ts set RF energy is turned off (blocks 216 and 
21 9> and a hardware failure check is run (block 233) 

After looking for a time over condition. thecontro»er 
checks for a short circuit or open circuit condition, tl a 
short or open circuit exists, the corresponding short cir- 
cuit oriQpen circuit bit is set (block 220). RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233) 

The Controller checks again for V #(l#toto and t ynatltf in 
block 222. before proceeoSng to the threshold deterrrun- 
ing portion of the circuit illustrated in Fig. 8 It the voltage 
or current did not exceed V,^^ or 1^^ in blocks 214 
and 216. the controtter iterates the seojuence begjnnng 
at block 212 lor detecting time over, short cteuH. open 
circuit i.e., the coagulation complete detection enable 
This enables the device to wait until enough current and 
voltage » deftvered to the cffcuit to check for the coagu- 
la^ complete condition; 

If the V T1 ^ t< and 1,,^ flags are set. the short circuit 
and Open circuit bits are not set (bkxk 220). and the time 
over condition does not yet exist (block 21 9U the meas- 
uredimpedance used to determine if coagutatnn is com- 
plete as follows. 

The Z initial flag is set during the first Iteration and 

is initially assigned the rmasured impeoance value 
(blocks 223-225). Infbaty. is the same as the meas- 
ured irnpedance and thus block 227 is bypassed at block 
226. A calculation is made of f p^) (block 228). As long 
aa the measured impedance is less than the HZ,**), the 
sequence is iterated (229. 231) In the next iteration of 
blocks 223-231 , the newly mees ur ed impedance is com- 
pared to the previous meesured impedance which has 
been assigned (block 226). As long as tie imped- 
ance d decraestfvg, wM i be reassigned the new val- 
ue of the measured tmoeoarx^(bkxka 226 arid 227) and 
the steps repealed: When the measured xnpedance is 

Of+mmr tn*n or tmauMt to f(7 .._) • o tf*m tHr« 



ance. the coagulation complete flag is set (block 230) tf 
coaguiatm complete flag is set the RF is turned off 
(block 232) and the hardware failure check is run. 

If after the initial run through the program a hardware 
s failure alert occurs (block 233. 236) or an rterrupt oc- 
curs, the program determms the cause and indicates 
as such (blocks 233-242). The V^ and 1^ are read, 
(block 235) If no current or voltage b bang delivered to 
the system, the controller checks to see ff the open c»- 

,c cutt short ctrcui or time over flage have been set (brock 
237). It sotften a signal inofeatee which flags have been 
set and the pcogram is returned to start (blocks 240. 
242). Similarly, the controter checks for tho coagulation 
complete flag (block 239). H there was the coagulation 

" complete flag has been set « wM be indicated tor tan 
seconds (block 24 1 ). if not. 4 win be mdxatedas not com- 
plate (bkxk 240) and the prog/am wm return to port at 
the start (block 242). Preferably the electrical compo- 
nents selected to carry but the steps of Figs. 6-9 are 

20 adapted to provide a complete deration of al the stepe 
at least every 1/50 second. 

Relemngriow toffee. 1-5 there is illustrated an k> 
strument to be used In conjunction with the xnpedance 
feedback device of the present invention. An endoscope 
linear cutting and stapling instrument 10 is s^bwn reaving 
a housing 1 6 coupled to a shaft 30 with a fivrien extend- 
ing therethrough and an end effect 
the dtstaf end of the shaft 30: The end effector 1 5 com- 
prises first and second elements which are comprised of 

30 "terfacngjawmemoerea 

ably secured to jaw member 34. The housing 16 has a 
cternping triggeri2 for dosing jaw members 32. 34. Jaw 
members 32. 34 are shown In an unciamped position * 
Fig. 2. in a clamped position prior to instrumem firing r> 

9S Fig. 3. and in a clamped position after instrument firing 
in Fig. 4. 

Jaw member 32 comprises an anvB 18. U-shaped 
electrode 39 exterxang along the length of the jaw 32. 
and a U-shaped insulating material 31 surrourxSng the 

40 C4ttife of th« electro^ 

surface 33 which faces an inner surface 35 of jaw mem- 
ber 34. The U-ehaped electrode 39 comprises two elec- 
trically comm u ni ca ting electrode bars 27. 28 forming a 
first pete and located on and extending substantially 

4$ along the length of the inner surface 33. The U-ehaped 
electrode 39 Is comprised of a conductor, such as. aiu- 
minum or surgical grade stairv^ss steel The bars 27. 28 
are separated by a knoe channel 29 exte^ 
dtf^trwughthemkJote of trie electrode 39. Pockets 

*o 36 loceted on anvil 18 for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 28 and insulating 
material 31 form a ridge 56 extending out relative to an 
anvil portion 37 of the inner surface 33 (Fig. 5V The elec- 
vc<to 39 acts as a fxstpoto of a bipolar system Tr^ 
18 is formed of an etoctricafy conductive material and 
acts as a second pole of tie bipolar systern, electrically 

eoDOCMtolhafirMMto TV* iO to 4 
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baled from the electrodes by the U-shaped instating ma- 
terial 31 

Bipolar anargy may be supplied to lha and effector 
15 from etectrosurgicaJ gerterator 40 (tig. 10) through 
wires 1 9, 20 extending into the body 16 of the instrument 
The generator 40 is. user controted by way of switch 42 
(flg. 10). Wire 1 9 provides electrical current to the elec- 
trode 39 through electrical contact means extending 
through shaft 30. Wire 20 carries a current to the anvil 
18 and is coupled to the anvil IB through an electrical 
contact means extending through the shaft 30. Theelec- 
tricai circuit is closed when and only when the damping 
trigger 12 is dosed. A means of con n ecting the wire to 
the cecresporxting ele ctro de as wett as instrument actu- 
ation means are descnbed in parent a p pl i cati on S.N. 
084095.797. incorporated herein by reference. 

Jaw member 34 cornpnses a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23 Includes a t racx25t6rweo^13.aluufe 
channel 26rexts*ioxigrtbhc^ 

of the cartridge 23, a senes of drivers 24 extendrig into 
the track 25 arid staples 17 arranged in two sets of par- 
aHet double rows. When tissue ts engaged between 
clamped jaw members 32, 34. a firing trigger 1 4 located 
on housing 16 may be actuated to adv a nce a cutting el- 
ement 11 through the engaged tissue to cut the tissue. 
SirnuflanaousV/ whefl i the firing trigger^ 4 is actuated, 
the wedge 1 3 is aoVanced mrough the track 25 causing ■ : 
the drivers to 24 to displace tow ar d s the staples 17. 
thereby dnvwig the staples 1 7 through tissue and into an- 
vil pockets 36. 

In operation, the end effector 15 of tie irujtrument is 
located at a tissue i stte where tissue is to be treated. The 
jaw members 32. 34 are opened and tissue is fften 
placed between the mteftedng irvwr surfaces 35. 33 re- 
spectivety of jaw rnernbers 32. 34. the cla mpeig trigger 
12 is squeezed to cause the |ew members 32. 34 toctose 
to locate and compress tissue between the interlacing 
inner surfaces 33. 35. The closure of the ctampvig trigger 
12 also closes the electrical circuit When the tissue has 
been appropriately situated between the jaw members 
32. 34, a user may apply RF energy f nam the generator 
40 using a user activated switch 42. Current flows 
through the compressed tissue bet ween the electrode 
39. ie.. the bars 27. 28. and the anvfl 18. 

After the RF energy is turned off. the controller indi- 
cates the in strum ent status, e.g.. open circuit, short cir- 
cus, coagulation complete, time over. If the coagulation 
complete status is indicated, the firing trigger 1 4 may be 
actuated to advance cutting element 11 through knife 
channels 26. 29 to cut engaged tissue between the bars 
27. 28 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 advances the wedge 13 
through track 25 to advance drivers 24 to fire staples 17 
through tissue and into pockets 36 of the anvil 18. Thus, 
the cut line is lateral to the coagulation ftnes tormed by 
the bar electrodes 27. 28 and staples 17 are applied into 
tonottudtnaey double rows on each side of fee cuttino el- 



ement 11 as the cutting element 11 cuts the tissue. 

The invention described and the specific details and 
the manner in which it may be carried out having been 
exemplified it will be readily apparent to those skiBed In 

5 the art that innumerable variatens, modifications, and 
extensions of the basic principlss involved may be mada 
wtaxjtoepartnglrom to spirit an^ 

invention. The irnpadance feedback system as de- 
scribed above » used to indicate when sufficient cauter- 

io izatJon has occurred. Whan ccagutatJon is complete, a 
signal may be piovtded by a controller to a user, or a 
controller may mrtornatiraiy turn off the RF energy. Oth- 
er signals may be provided to an instrument user as wel. 
For example a tone oonesponding to the measured kn- 

'S pedance may be provided to a user to audtoty monitor 
the change in impedance. 

tt isalso intendsdthatthisde^ 
used with numerous type s of e^ecfrosurgiceJ instruments 
including monopolar, bjpnktf arid multipolar configure- 

*o ttexts/Tne impe rtnnr e l ae rthnrk system may be included 
in part or in whole with the actual instrument, ee a sep- 
arate unit anoVor wtth me energy source or generator. 

6 Ctetme 

1. A control device comprising! 

impeoarx* measwem 
be ccupied.to Ussue-oonta^ 
oo ated wtth a tissue-treafirtt portk^ surgical 
iristnjment are* to an erwpy source a 
ply therapeutic electrosurgx^ ene 
ti o des; and « 

an energy control stgnaf aoapted to control RF 
a* energy suppked from said energy source to said 
electrodes, 

wherein said impedance measurement cir- 
cuitry ie adapted: 

to measure the innpeoance of tissue engaged 
40 bysaMtissuevtreatin^ 
ment; 

to detemtirie a minimum impedance vatue: 
to determine a target impedance value as a 

function of said minimum irnpedence vatue; 
43 to compere rnseeured irnpe danc e values to 

said target impedan ce value; and 

lo aker said energy control signal when said 

measured sTpe da n ce value exceeds said target 

impedance value. 

$o 

2. The control device of datm 1. wherein said imped- 
ance measuring circuitry includes: 

a first device for detemMng the minimum 
i mp e da nce value: 
« ase co rxJoevl ce coupledtosaWW 

c^emwwxj the target sT^ertwice vafue ae a func- 
tion of said rnsvmum impedance vatue: and 
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ance values to said target impedaTce value ana for 
generating a signal indicating whether said meas- 
ured impedance valua exceeds said target imped- 
ance value. 

A control device adapted to be coupled loan energy 
source tor providing electrosurgical energy to tissue 
to be treated, the control device composing 

a first input f or receiving at least one of a tirst 
s^represantata^ofvbtagrdalivera^ to e 

energy source to said tissue and a second signal 
'epresensat ve of current delivered from said energy 
source to said tissue: 

a second input for receiving a third signal rep- 
resenlattve of a target impedance lor said tissue on is 
the energy source, determined from the first and 
second signals, and 

a function fitting device for providing a fourth 
»»gnaf representative of desired energy output 
according to a system load curve, me fourthsignai so 
corresponding to desired energy output for the tar- 
Qet loarfanpedance represented by the third signal; 
herein said control device is adapted to: 
control energy output by the energy source 
based on the third signal representative of the toad 2S 9. 
mpedance; and 

control the energy source to bring electrosur- 
0*aJ energy delivered by the energy source to the 
target wshina range of desired energy output based 
on said system toad curve. 



trades adapted to contact tissue to be treated and 
to cause elactrosurgrcai energy to be conducted 
barween said electrodes through said tissue; and 

a control device according to any one of claims 
t to 5. 

where*) the control device is adapted to con- 
trol the output of said electrosurgical energy 
between said electrodes. 

An electrosurgical device for treating tissue during 
an ele ctrosu rgical procedure, the etoctrosurgjcal 
device comprising 

electrical* isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause electrosta^jcal energy to be conducted 
between said e t s ctf ode s through said tissue 

™«*ctro«urgir*en^^ 
said etectrasunjicai energy to said electrodes: end 

a conrao^viceecooidm 
1 to 5. 

wherein sakJ control device ts arranged to con- 
trol the output from said electrosurgcaf energy 
source to said electrodes. 

the elecfrbsurgicaJ device of ctasn 7 or e wherem 
aaid first electrode is located on one of a first and a 
second ele men t and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 



4. Tr» control oev^ 

panson device for comparing sasJtourm signal, rep- 
resentative of desired energy output to at least one 
of said first and second signals, said comparison js 
device being adapted to provide a control signal (or 
conifottang said energy 1 



40 



10. The alectjosurgical device of etatn 9. wherein said 
second electrode is located on the other ons of said 
first and second elements. 



It 



*- The control device of ctasn 4, wherem said control 
signal represents a difference between said fourth 
*gnal and said at least one of said first and second 
signals. 



6. A generator for providing etectrosurgical energy to 
an etectrosurgical Oewce. said generator corhpris- <s 
ing: 

an electrosurgicaJ energy source tor providing 
•*ectrosutgical energy to said electros urgtcal 
device: and 

acomroldeviceaccc<djrigtoanyonec4cla^ so 
1 to 5. 

wherein the control device » arranged to con- 
trof the output of said energy source 

7. An etectro surgical device tor traatmg tissue dunng ss 
a surgicai procedure, the etectrosurgical device 
comprising: 

isolated first and second elec- 



Tne elechosurgjcaJ device of daim 9, where*: 

saU . find and second elements each com- 
prises an mtarfacing surface for engaging tissue to 
be eJectrosurgjicafly treated. 

said first and second electrodes each com- 
prises one or mors electrode elements located on 
said interfacing surfaces: and 

said first and second electrode elements are 
offset from one another with respect to said mtarfac- 
ing surfaces. 
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